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THE CHEMICAL AND RADIOLOGICAL CHARACTERIZATION OF THE S-3 PONDS

INTRODGCTION

The Y-12 Plant has been characterizing the chemical composition of the
§-3 ponds since 1962. References 1 and 2 (Y/DA-7794, Chemical Analysis
of the S-3 Disposal Ponds; Y/DZ-12, 1981 Analysis of S-3 Ponds) include
comparative data for the years 1962, 1975, 1978, and 1981. These
characterizations led us to recognize the need to discontinue use of the
§-3 ponds, which we proposed in 1973, and to begin construction of a

pollution control facility.

The 1983 data reported here in response to Section IV, Item 2a of the
DOE-EPA-TDHE Memorandum of Understanding (MOU) continue to confirm our
need for the treatment facility to handle other liquid wastes, although
we have made progress in reducing nitrate waste through our recovery,
neutralization and biodegradation efforts. Total nitrate contents of

the S-3 digposal ponds by year are shown in Table 7.

DISCUSSION

The S-3 ponds located at the far west end of the Oak Ride Y-12 Plant
site (Pigure 1) have .been collecting liquid wastes from the operations
of the Plant for about 32 years. They were originally coumstructed to.
collact waste nitric acid and other nitrate wastes. The current overall
PH values are generally less than 2.0 and nitrate ion concentratious

ranges from 6700 ppm to 85000 ppm. Current plant operations have tended
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to reduce the amount of waste acids entering the four originally
interconnacted pools of the S~3 ponds, and to increase the amount of
other waste solution contributions, the latter containing small
quantities of soluble metals and some small quantities of organics. Tha
Southwest Pond now undergoing experimental demitrification is isolated
from the other three ponds. The current total annual quantity of liquid
wastes entering the ponds is estimated to be approximately 2.7 million
gallous. Rainfall adds four to six million gallons each year, depending
upon annual rainfall. The nominal volume of all four pools is ten
million gallons, each pool containing about 2.5 million galloms.
Evaporation losses are calculated to be about 3 million gallons per
year, based on Department of Commerce, National Oceanic and Atmospheric
Administration Data. The ponds have never overflowed mor have they ever
gone dry, but levels have fluctuated from season to season and year to

year.

SAMPLING PROCEDURE

Samples of the S-3 ponds were takem om June 7, 8, and 9, 1983. The
ponds have been designated as the Northeast, Southeast, Northwest, and
Southwest ponds (see Figure 2). The Southwest Pomd is currently umnder
experimental treatment by the,K Y-12 Development Division to obtain data
on the in-situ denitrification of this pond by biological techniques.
Liquid and sediment samples obtained from thig pond arae, therefore,

representative of impurities present after neutralization was started.
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The approximate location of aqueous and sediment samples taken from each
Poud to prepare the composite sample analyzed by the Y-12 Laboratory are
presented in Figure 2. The aqueous phase of each pond was sampled at
the designated locations at upper and lower levels. In additiom,

sediment samples were removed from the bottom of each pond at the same

locations.

The uppermost aqueous layer of each pond was sampled by attaching a
weighted ome-liter sample bottle to a float which filled om sinking
approximately twenty centimeters beneath the pond surface. The lower
aqueous layer of each pond was sampled by using a wei‘ghted one-liter
sample bottle heavy enough to quickly sink to the bottom where the air
was displaced with pond solution. Sediment samples from each pond were
taken by dredging the pond bottom with a heavy stainless steel pipe, one
foot in length, three inches in diameter and closed at ome end, which

filled with solids as it moved along the pond bottom.

DISCUSSION OF DATA
M

bl Aqueous Phase

A compilation of chemical analyses of the composited upper and
lover aqueous sawples for each pond is presente;l in Table 1. The
uppermost aqueous samples taken from each pond were composited to
result in the single value reported and the lower level samples

from each pond were likewise composited to result in the single

value shown.




indicated ig Table 3 and reveals that the isotopic assay of the

uranium 1s basically depleted (99.6z 238y,

Solid Phase
M

A compilation of the chemicg] data obtained from the sediment

sawples of each pond ig listed in Table 4. The samples taken frop
(See Figure 2.)

The radioactivity associated with the sediment from each pond is
Presented in Tgple S5« The uranium isotopic ratios of the uraniug

found in the pond sediments are summarized in Table .
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TABLE 1
ANALYSES OF THE §-3 DISPOSAL PONDS AQUEOUS PHASE

Values are Milligrams Per Liter of Solution Except for pH
and Specific Gravity Values

Southeast Pond Northeast Pond Southwest Poﬁd Northwest Pond

Upper Lower Upper Lower Upper Lower Upper Lower
Test(1) (Mg/L)  (Mg/L)  (mg/1) (Mg/L) _(Me/L) _(Mg/L)  (Mg/L) (Mg/1)
pH 2.4 3.0 0.9 0.54 4.9 6.4 1.1 0.94
Sp.G. 1.0000  1.0098  1.0191 1.0624 1.0074  1.0069  1.0085  1.0402
No3(2) 6,700 16,000 30,000 85,000 8,400 8,700 19,000 ~ 52,000
c1(8) 190 270 600 1,000 300 330 480 1,000
Perc(?? DeEZZied 2 4.0 21 Deﬂzzsed DeE:::ed l 7
pcg’4) <0.0005 0.017  0.0031 0.0072 (7) (7)  <0.0005 <0.0005
u) 33 74 137 600 26 52 100 400
Ag <0.02 0.05 0.032 0.35 <0.02 <0.02 0.021 0.08
Al 435.3 11,2015 1,653.2 4,108 288.4 788.5 1,163.0 4,410
As <0.3 . <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
B 3.8 4.4 9.7 16.7 5.5 6.2 8.34 10.1
Ba 0.26 1.9 0.65 5.7 0.48 1.1 0.46 1.0
Be 0.03 0.06 0.04 0.03 0.05 0.10 0.03 0.11
Ca 549.9 2,087.9 451.6 1,468.5  2,053.0 3,059.2 395.0 696.2
ca(®) 0.19 0.42 0.64 1.1 0.21 . 0.27 0.49 2.2
Ce <0.15 <0.15 <0.15  <0.15 <0.15 <0.15 <0.15 <0.15
Co 0.12 0.19 0.35 0.51 0.19 0.26 0.30 0.85
cr 2.9 5.8 17.97 23.8 2.5 6.2 12.3 24.1
Cu 3.9 8.8 16.8 39.4 2.6 6.1 11.9 27.7
Fe 39.6 100.5 381.9  274.2 23.5 62.0 354.4 662.3
Ga <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
HE <0.1 <0.1 <0.1 0.5 <0.1 <0.1 <0.1 <0.1
g6 <0,001 0.1 0.17 0.62 0.005 0.064 0.082 0.18
X 37.7 54.8 71.6  124.2 70.0 69.5 70.2 322.4
La 0.005 0.02  0.0017 0.04 <0.001 0.002 0.004  <0.001
Li 4.5 8.2 11.9 34.5 6.7 8.1 8.4 19.1
Mg 87.3 166.4 182.8  335.1 111.0 138.8 157.6 288.2
Mn 3.0 4.7 7.4 10.2 3.9 5.5 6.8 17.7
Mo 0.25 0.83 1.2 1.7 0.22 0.82 0.84 1.9

Pt o A S oo N Rt
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Values are Millipgrams Per Liter of
and Specific Gravity

TABLE 1 (Cont'd)

ANALYSES OF THE §-3 DISPOSAL PONDS AQUEOUS PHASE

Values

Solution Eiggpt for pH

Test(l)

Na
Nb
Ni
P

Pb
Se
Sa
si
Sr
Th
Ti
v

Y

Z2n
2r

Southeast Pong

Upper

(Me/1)

519.3
0.02
21.5

5.2
0.53
<0.003
<0.002
0.08
Q.70
0.70
0.13
<0.02
0.11
3.2
0.08

Lower

(Mg/L)

796.8
0.25
32.4
29.3

1.6
0.01
<0,002
4.3
1.6
2.2
0.79
0.04
0.29
6.1
2.6

Northeast Pond

Upper

(Me/L)
988
0.007
50.9
65.3
4.8
0.019
<0.002
0.13
1.6
7.1
1.5
0.18
0.089
8.3
0.45

Southwest Pond

Northwest Pond

Lower Upper

Mg/L) — (Mg/1)
1,724 1,892
0.82 0.08
72.3 33.7
86.4 6.5
4.5 0.26
0.03 0.003
<0.002 <0.002
7.0 2.5
4.1 1.2
12.2 0.39
3.9 0.04
0.09 <0.02
0.32 0.07
4.1 3.2
32.7 0.45

Lower Upper Lower

(Mg/L) {(Me/L) _(Mg/L)
2,638 854 1,958
0.18 0.008 0.06
35.4 43.4 55.8
24.8 35.3 51.2
1.2 2.6 4.0
0.01 0.015 0.15
<0.002 <0.002 <0.002
2.0 0.64 <0.01
1.9 1.1 3.0
0.01 7.0 62.6
0.35 1.0 4.6
0.04 0.15 1.0
0.19 0.07 0.16
5.9 6.2 10.1
0.81 0.41 3.9

(L)Spectrographic results
otherwige noted.

(5)Uranium concentration determined by mass spectrometry.

(6)Cadmium, mercury, and selenium concentrations dete

(7)Insufficient Sample

(8)chloride enalysis by specific ion electrode method

rmined by atomice absorption.



06°G¢ 0t 9¢ 09°LT oy 1L 0€£°09 05°9¢

0L°gYy 00°6 . (z)(8u8) or
o .

~ sy 49 1€ 0t yET 18 L6 0z (T/30d) 2.,
)9 082 002 011 8s 0y8 0EZ 061 69 (1w/10d) w388 w30
vlag
€-0T X SL°T 40T X 9£°8 4 0T X y/°g (€) -1 X T€°Z , O X €6°9 0T X 29y ,_0T x 69 (z)(?ud) wy o
08°vE 0T ST 8521 16°6 0°0L SE°€T 0T°61 16°8 (z)(sud) dn .

52°0 BE0°0  2-0T X 9S°T 70T X 8L°Z 70T X §E°S ;0T X (16 70T X g°G 9800°0

(z)(swd) :manw

€-0T X 99°T 40T % 9€"T 0T X 92°€ ¢.OT X gL'Z 40T X T°¢

y-0T X 9°€ , 0T % %€°T ¢_OT % g/°1 (z)(cwd) "does

' 081 091 0L SY 06S 091 o1t 6z (1w/10d) 4374730V eydyy te3og

09°z ET°T L6°0 yL°0 09°9 (1TA¥ 4 08°1 ¥8°0 (Tu/10d) dN,¢r

09°1 se¢°0 o1*0 81°0 ¥%:0 £L°0 SH°0 L0°0 (ta/v0d)ndgpe <cer

(4 M9 §z°0 90°0 S0°0 S9°T ¥8°0 I£°0 %0°0 (ru/¥od)nage.,

09°0 0€"0 0E*0 0Z*0> 00°1 0£°0 0z'0 0€°0 ’ (Ta/¥0d) wyy,o

eydry

13M07 xaddp 13m0 aaddp) damo'] Xaddp 13m0 1addpy (1)PPHIonuoIpRY
puog 3sanylaop puogd isomyinog puog JsesylaopN puogd 3swsyinog

ASVHA snoanbv
GNOd "IVS04SIA €-S AHL A0 SASXIVNV FATIDNNOIAVE

¢ 314V

e

RS A e 4 e oy

. v - ww cevr
e Ly MR A g Y T Ay e cewr



‘P9jou adojosy jo L3yarjom 9¥3¥0ads no paseq puod Yoes uy paurejuod swewal ejoy

aydueg ucmﬁuuuusmcuamv

*ganbyuyooy TedTWaYSopra £q sasfieuw Auﬁ>ﬁuu<MmW
100°0> T00°0> T100°0> T00° 0> 100° 0> 100°0> 100°0> 100" 0> (Tw/Ton) Migot
100°0>  T00°0>  100°0>  100°0> T00°0>  T00'0> 100°0>  T00°0> (tw/¥on) an-az¢e
100°0> T00* 0> 100°0> 100° 0> T00° 0> 100°0> 100°0> 100°0> (Tu/¥0M) 80,¢1
100 0> T00°0> T00° 0> 100°0> T00°0> 100°0> T100°0> 100°0> (Tu/¥01) £31ATI0V eumen tejoy
Iamo xaddp 13m0 Jaddp 19M01 Jaddp) 1sno7 xaddp (T)°PYIONUOLPBY

puod 3I8amy3IIoN

puod 183myinog

puog 388BIYJI0N

puod 3seayjnog

ASVHA snoandv

aNOd 'IVS0dSIA €-S 3HI A0 SESAIVNV FaA1TOANOIAVY

(penutjucy) z ggvy

oy
v

R 7 7 yanui




£139m0x309dg s8BR mrwunsoo uoY uoyssywy yewasyl £q psujuialop Awsse ungueIf( )

)
0L°66 09°66 09°66 04°66 0L°G6 09°66 05°66 09°66 Nge g
£°0 o0 v€°0 EE°O 0E°0 YE*0 £y°0 6£°0 %4
| .
aanog x3ddp 13m0 asddp aamo' aaddp 29M0"] Jaddp IPTTONN ,
puod Isomyjiop puog 3samyinog puod 3seayjaoN puod 3seayinog

(3uadang 3y8yap) Awssy

ASVHA snoanbv
(7)GNOd TVB0dS1d ¢-§ HHL J0 SISXTVNV OIJOIOSI HAINVEN

t HT4VL




TABLE 4

ANALYSIS OF THE
S=3 DISPOSAL POND SEDIMENTS'L’

Southeast Northeast Southwest ~ Northwest
Pond Pond Pond Pond
(ug/g) (ug/2) (ug/g) (ug/g)

7.3 17.0 2.1 4.1
41,897.8 41,854.0 59,034.9 21,643.8
14,8 32.5 26.0 21.7
70.0 98.7 138.6 55.7
359.4 428.6 285.9 337.3
16.4 1.3 2.9 1.4
3,962.9 1,005.5 1,952.2 894.3
<0.6 <0.6 <0.6 <0.6
48.0 45.9 73.3 72.3
3.3 . 1.6 1.4 <0.01
163.9 75.9 135.1 48.5
145.3 136.4 111.1 128.2
92,031.0 89,500.0 26,284,2 8,232.8
11.9 1.6 33.5 30.5
19.4 4.9 14.3 14.0
12.0 . 1.7 0.88 0.21
8,000.3 11,070.6 23,762.6 8,307.9
25.5 37.7 42.1 45.7
4643 46.9 35.1 29.2
2,341.1 2,614.7 4,437.0 1,593.7
112.0 108.1 63.1 45.9
191.7 103.8 113.7 30.1
1,429.5 1,768.9 1,993.5 2,041.0
136.8 62.0 30.9 75.6
98.8 73.9 60.6 62.9
6,896.4 1,333.5 2,454.8 2,296.9
119.7 198.1 155.0 207.0

5.6 8.1 8.4 4.6

g e e e [ .
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TABLE 4 (Cont'd)

ANALYSIS OF THE
S-3 DISPOSAL POND SEDIMENTS(I)

14

Southeast Northeast ~ Southwest Northwest

Pond Pond Pond Pond

Test (ug/g) (ug/g) (ng/g) (ug/g)
Se <0.2 <0.2 <0.2 <0.2
s1 40.9 37.5 666.0 22.7
Sr 40.3 46.0 62.3 6645
Th 271.7 150.0 196.0 529.4
Ti 3,630.5 5,172.1 5,120.1 5,206.1
i 620.0 280.0 410.0 300.0
v 63.1 61.5 64.7 2645
Y 8.4 12.5 12.1 11.6
Zn 91.2 95.0 56.3 34.0
Zr 1,472.0 817.7 1,077.4 3,366.0

(1)a11 vValues in Micrograms Per Gram of Dry Solids.
Inductively Coupled Plasma {ICP) Method.

Results obtained by
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TABLE 6
URANIUM ISOTOPIC ANALYSIS

OF THE S-3 DISPOSAL POND SEDIMENT(I)

16

Ruelide

235y
238y

Assay (Weight Percent)

“Southeast Northeast Socuthwest

Northwest
Pond Pond Pond Pond
0.52 0.62 0.37 0.49
99.50 99.40 - 99,60 99.50

(1)Uranium Assay determined by Thermal Emission Ion Counting Mass

Spectrometry.
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TABLE 7
TOTAL NITRATE CONTENT OF

§=-3 DISPOSAL PONDS BY YEAR

YEAR
1962(1)
1975(1)
1978(L)
1981(1)
1983

NITRATE CONTENT (Rilograms)

2,263,000

1,866,000
993,000
581,000
978,000(2)

(1) From Reference 2

(2)

Due to increase in plant broduction and temporary

shut—down of Y-12 plant denitrification facility.




